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APPARATUS AND METHOD FOR 
PREDETERMINED COMPONENT 

PLACEMENT TO A TARGET PLATFORM 

CROSS-REFERENCES TO RELATED 
APPLICATION 

[0001] This application is a continuation of Us. applica 
tion Ser. No. 11/351,418 ofthe same title ?led Feb. 10, 2006, 
Which claims priority to Provisional Application No. 60/652, 
217 ?led Feb. 11, 2005, both of Which are incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to assembly 
techniques. Alignment and probing techniques to improve the 
accuracy of component placement during assembly are 
described. More particularly, the invention includes methods 
and structures to detect and improve the component place 
ment accuracy on a target platform by incorporating align 
ment marks on components and reference marks on target 
platforms. The proper alignment of the marks is assessed With 
various probing techniques. A set of sensors grouped in an 
array to form a multiple-sensor probe can detect the deviation 
of displaced components in assembly. Merely by Way of 
example, the invention may be applied to place packaged 
devices onto electronic substrates for the manufacture of elec 
tronic systems. HoWever, it should be recognized that the 
invention has a much broader range of applicability. 
[0003] Electronic devices have proliferated over the years. 
As the complexity and the operation speed of integrated cir 
cuits (IC) increase, it is not unusual to see an increasing 
number of devices With pin-counts exceeding hundreds or 
even a thousand. For example, high-speed designs requires 
many poWer and ground pins. Differential pairs are replacing 
the single-end signals at the input and output pins (I/O) of a 
device to meet the signal integrity requirements. In addition, 
as system-on-a-chip becomes a reality, more and more pins 
are added to the device I/O to supports more functions. Many 
if not all of these tend to increase the number of pins in a 
packaged device or component. 
[0004] As the device pin-count increases, the pin pitch of 
the device tends to decrease to limit the package siZe. The 
reduced pin-pitch poses a challenge for the placement equip 
ment to place components accurately on a target platform, 
such as a printed circuit board (PCB), especially if the pin 
pitch is smaller than 0.5 mm. 
[0005] Conventional surface-mount equipment use the 
Cartesian coordinates at the center of a target land pattern as 
a reference point to place a component on a PCB. There is no 
feedback to monitor the accuracy of the component place 
ment. Without proper feedback, the accuracy of the compo 
nent placement is uncertain. Actually, the accuracy of the 
component placement is in?uenced by the imperfectness in 
the package’s outline, the deviation of the component’s con 
tact array from an ideal grid location, the imperfectness in 
PCB mounting references, the aging and the intrinsic toler 
ance of the placement equipment, and so on. As the accumu 
lative error is getting closer to the pitch siZe of the contact 
array, placing a component accurately on a PCB is becoming 
a greater challenge. 
[0006] It is not uncommon to encounter component place 
ment problems in a surface mount assembly line, especially 
for the placement of ?ne-pitch components. For example, if a 
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BGA component is inaccurately placed on a PCB, it could 
cause the BGA’s contact array to deviate from the ideal land 
pattern location, resulting in either inadequate soldering or 
solder bridging to adjacent pads on the PCB. A reWork to ?x 
these problems is tedious and expensive. It is even Worse for 
the reWork of a pricy, high pin-count component on a high 
density PCB. 
[0007] Furthermore, manufacturers frequently use sockets 
to house high-end, high pin-count chips on motherboards. 
This enables users to choose proper speed grade components 
or to perform speed upgrade at ?eld. HoWever, there is no 
handy method for users or manufacturers to monitor if a chip 
has been properly inserted in the socket or if the chip is in 
good contact With the receptacle inside the socket. 
[0008] Thus, it is seen that techniques for detecting and 
improving component placement accuracy and for detecting 
the contact status are desirable. 

BRIEF SUMMARY OF THE INVENTION 

[0009] The present invention relates in general to assembly 
techniques. According to the present invention, the alignment 
and probing techniques to improve the accuracy of compo 
nent placement in assembly are described. More particularly, 
the invention includes methods and structures to detect and 
improve the component placement accuracy on a target plat 
form by incorporating alignment marks on components and 
reference marks on target platforms. Proper alignment is 
assessed With various probing techniques. A set of sensors 
grouped in an array to form a multiple-sensor probe is used to 
detect the deviation of displaced components on a target 
platform. Merely by Way of example, the invention may be 
applied to place components onto electronic substrates for the 
manufacture of electronic systems. HoWever, it should be 
recogniZed that the invention has a much broader range of 
applicability, such the precision alignment of a set of different 
objects. 
[0010] In a speci?c embodiment, the present invention pro 
vides a solution for ICs or packaged devices Which have a set 
of one or more alignment marks in predetermined spatial 
regions on the IC or packaged device. Depending on the 
embodiment, the packaged device, containing a plurality of 
I/O contacts, can be an integrated circuit device encapsulated 
in a suitable material, such as plastic (e.g., epoxy), ceramic 
(e.g., aluminum dioxide) or other material, and a plurality of 
bonding pads connected to its I/O contacts. The packaged 
device can be a multiple-IC stacked device, a multiple-pack 
age stacked device, or a multiple-chip carrier. The packaged 
device can also be an integrated circuit device laminated With 
an anisotropic conductive elastomer (ACE) membrane as an 
interconnect interface for external connections, and so on. 
One or more sensors monitor the placement of the set of 
alignment marks of such a packaged device on a target sub 
strate or platform to determine if the external contacts on the 
device are accurately placed relative to a land pattern on the 
target substrate or platform, such as a printed circuit board, 
mother board, ceramic board, bare die IC, or other packaged 
device or component. If the packaged device is inaccurately 
placed, the alignment mark can also be used to obtain feed 
back to adjust the device position deviation. For simplicity, 
the ICs and packaged devices Will be referred to as compo 
nents. 

[0011] In a speci?c embodiment, an alignment mark is a 
reference area on a component that an external probe can use 

to monitor the accuracy of a component placement on a target 
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platform. The alignment mark incorporated on the compo 
nent can be a conduction path connecting a top surface area to 
a bottom surface area of the component as a direct alignment 
mark, or it can be a different conduction path connecting tWo 
surface areas on the bottom of the component as an indirect 
alignment mark. Besides being a conduction path Within the 
component, the alignment mark can also be a simple surface 
marking on the component, depending upon the probing 
method used. The structure of an alignment mark can be a 
simple geometric structure or a set of geometric structures. 

[0012] For each alignment mark on a component, a refer 
ence mark can be added to a target platform for the compo 
nent placement to refer to. In a speci?c embodiment, the 
present invention provides a solution forplacing a component 
on a target substrate or platform, such as printed-circuit 
board, mother board, ceramic board, bare die IC, or other 
packaged device or component, by incorporating a set of one 
or more reference marks at pre-determined regions on or 
Within the component. The reference marks can be connected 
to other reference marks on the same target platform to create 
a conduction path. A reference mark can be connected to a 
ground point in a target platform, or it can simply be a surface 
marking on the target platform, depending upon the probing 
method used. 

[0013] In preferred embodiments, the present invention 
provides probe solutions for improving the accuracy in com 
ponent placement. The probe can be a single-sensor probe or 
it can be an array of sensors. A single-sensor probe can detect 
the accuracy of a component placement and the status of a 
component’s contact condition on a target platform. A probe 
composing of an array of sensors to become a multiple-sensor 
probe can adjust the deviation of a displaced component by 
aligning the one or more alignment marks on the component 
to the probe position that has been aligned to a reference 
mark. A multiple sensor probe can detect the deviation of a 
component and feed back the information to the placement 
equipment to ?x the position deviation. While a single align 
ment mark can ?x the component displacement error, tWo 
alignment marks can ?x the placement orientation error. The 
probe can be a resistance probe, a capacitance probe, an 
optical probe, or any combination thereof. The resistance 
probe is for on/off measurements, the capacitance probe is for 
measuring the relative overlapping area betWeen a sensor 
surface and a target reference, and the optical probe is for 
measuring the re?ection from a target reference. The resis 
tance probe is a contact probe. The capacitance probe and 
optical probe are non-contact probes. The range of active 
sensors on the multiple-sensor probe can be determined auto 
matically by sensing the siZe of a target reference mark. 
[0014] In a speci?c embodiment, the present invention pro 
vides a method for aligning a component on a target platform 
under various probing techniques. 
[0015] The method includes placing a component contain 
ing one or more alignment marks to a region on a target 
platform. The region on the target platform contains a target 
structure and a set of reference marks to be monitored by a 
probe to determine Whether or not the component has accu 
rately been placed on the target structure. On a PCB, the target 
structure is a component land pattern. For each alignment 
mark on the component, a corresponding reference mark can 
be included on the target land pattern. The spatial relationship 
of the alignment marking on the top to the contact array on the 
bottom of the component should match the spatial relation 
ship of the reference marking With respect to the contact array 
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on the land pattern. The method also includes the Way to align 
the multiple-sensor probe to the target land pattern, to deter 
mine the active range of the set of multiple sensors, and to 
adjust the component position With respect to an aligned 
probe. 
[0016] Since the spatial relationship of alignment marks to 
the associated contact array can be accurately controlled in 
the device fabrication or component packaging process, a 
?xed spatial relationship betWeen an alignment mark and a 
contact array on a device or package can be ensured. This 
alloWs a package With a minor obliquity in its physical outline 
(an oblique package) or a bare die not perfectly centered-cut 
along the scribing line betWeen adjacent dies (off-center-cut 
die) to still be used for assembly. This is because in assembly 
the component placement can rely on the position of the 
alignment marks, rather than counting on the geometrical 
tolerance of the package outline. In a speci?c embodiment, 
the present invention provides a method for mounting a physi 
cally out-of-speci?cation device or package on a prospective 
contact region on a PCB or target platform. Many physically 
out-of-speci?cation devices Which previously Would have 
caused a misalignment problem in assembly no longer need 
to be rejected. A larger tolerance in the die cutting of device or 
in the molding of component package means a higher com 
ponent yield. 
[0017] Many bene?ts canbe achieved by Way of the present 
invention over conventional techniques. The present tech 
nique provides an easy to use process that relies upon con 
ventional technology. In some embodiments, the method pro 
vides a mean to improve yields, reduce reWork, and enhance 
placement accuracy. Additionally, the method provides a pro 
cess that is compatible With conventional process technology 
Without substantial modi?cations to the conventional equip 
ment and processes. The present invention is especially useful 
for the devices With ultra-?ne contact pitch and contact count 
exceeding hundreds or even a thousand. 

[0018] Moreover, the invention provides a method for 
monitoring the placement of devices packaged With anisotro 
pic conductive elastomer (ACE) as an interconnect interface. 
It enables the assembly of non-solder-ball based packaged 
devices onto a target platform or PCB effectively and pre 
cisely for a variety of applications. The anisotropic conduc 
tive elastomer contains a sea of tiny conducting metal tubes 
embedded in an elastic insulating silicone membrane that 
conducts current only in a certain direction. It has been used 
as an interconnect in high density and high pin count test 
sockets to offer excellent contact, repeatability, and high fre 
quency characteristics in IC device tests. It is feasible to be 
used as the interface interconnect for devices and packages. A 
device or component laminated With ACE can be directly 
mounted onto a target substrate. A clamp shell can be used to 
hold the devices together Without the need of soldering the 
devices onto a target substrate if an accurate placement can be 
achieved. The alignment technique can make the assembly of 
ACE laminated devices on electronics system feasible. 
[0019] Depending upon the embodiment, one or more of 
these bene?ts can be achieved and Will be described in more 
detail throughout the present speci?cation. Various additional 
objects, features and advantages of the present invention can 
be more fully appreciated With reference to the detailed 
description and accompanying draWings that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is an example of an ideal package. 
FIG. 1B is an example of an oblique package. 

[0020] 
[0021] 
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[0022] FIG. 1C is a different example of an out-of-speci? 
cation package With a contact array off-grid. 
[0023] FIG. 2 shows the placement of an off-grid compo 
nent on a land pattern. All contacts on the component are 
shifted by a same offset from the land pattern afterplacement. 
[0024] FIG. 3 illustrates the placement of a component With 
a set of conduction paths on a target platform With a matching 
land pattern and reference marks for checking the placement 
accuracy and contact condition. 

[0025] FIG. 4 shoWs a different con?guration of an align 
ment mark, Where all test-accessible points are on the same 
side as the contact array. It is a simpli?ed diagram of an 
indirect alignment path and an indirect alignment mark. 
[0026] FIG. 5 shoWs an example of using a single-detec 
tion-point probe to check for the placement accuracy and the 
component contact condition. 
[0027] FIG. 6 shoWs an example of using a 4-point probe 
for detecting the position deviation in a component place 
ment. 

[0028] FIG. 7 shoWs a generaliZed test probe consisting of 
an array of test points for detecting the deviation in a compo 
nent placement. The active test points on the probe can be 
determined on-the-?y. 
[0029] FIG. 8 shoWs an example on the use ofa set of SR 
latches to track the positions of active test points and to align 
the center of a test probe to the center of a target reference 
mark. The set of SR latches and can be replaced by a set of 
latches With Write enable. 

[0030] FIG. 9 illustrates the use of tWo sets of latches to 
determine the direction and displacement of a deviated com 
ponent. One set of latches With status being shoWn in the ?rst 
digit of a binary pair indicates the overlap status betWeen an 
alignment mark and a reference mark. The other set of latches 
With status being shoWn in the second digit of a binary pair 
indicates the position of active test points. 
[0031] FIG. 10 illustrates the use of three sets of latches to 
align a small alignment mark to the center of a large reference 
mark. The third digit in the tuple indicates the effective range 
of active test points for a smaller alignment mark to align to. 
[0032] FIG. 11 shoWs a graphical interpretation on the use 
of a generaliZed probe to ?x a deviated component, Where the 
siZe of an alignment mark on a component is smaller than that 
of a reference mark. 

[0033] FIG. 12 is a simpli?ed diagram shoWing a test probe 
laminated With ACE material at an interconnect interface to 
improve the contact condition betWeen the test points and the 
alignment mark or betWeen the test points and the reference 
mark. 

[0034] FIG. 13 shoWs that incorporating tWo alignment 
marks on a component can ?x the orientation error in a com 

ponent placement. 
[0035] FIG. 14 shoWs a simpli?ed diagram of a serial align 
ment chain on a target platform. 

[0036] FIG. 15 is a simpli?ed diagram of a capacitance 
sensor, Which uses a guard to focus the sensor’s electrical 
?eld. 

[0037] FIG. 16 is a simpli?ed diagram shoWing a set of 
capacitance sensors grouped in an array to form a multiple 
sensor capacitance probe for use in non-contact electrical 
aligning. 
[0038] FIG. 17 in an example of the use of an electrical 
alignment technique to monitor component stacking 
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[0039] FIG. 18 shoWs a different application of an electrical 
alignment technique for aligning an object With a quad- sensor 
alignment mark onto a second object With a quad-triangle 
reference mark. 
[0040] FIG. 19 shoWs hoW a transparent optical path on a 
component can be used as an optical alignment mark. If 
coupled With a matching a re?ective pad on a target platform, 
it can be used to improve the component placement accuracy. 
[0041] FIG. 20 is a simpli?ed diagram shoWing an array of 
photo-detectors grouped in an array to form a multiple-detec 
tor optical probe for use in component alignment. 
[0042] FIG. 21 is a simpli?ed diagram of an optical setup 
With four photo-detectors and four I/V ampli?ers for use in 
adjusting the deviation of displaced components. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] According to the present invention, alignment and 
probing techniques to improve the component placement 
accuracy during assembly are described. More particularly, 
the invention includes methods and structures to detect and 
improve the component placement accuracy on a target plat 
form by incorporating alignment marks on a component and 
reference marks on a target platform With various probing 
techniques. A set of sensors grouped in an array to form a 
multiple-sensor probe can detect the deviation of displaced 
components in assembly. Merely by Way of example, the 
invention can be applied to placing packaged semiconductor 
devices onto electronic substrates for the manufacture of elec 
tronic systems. But it Would be recogniZed that the invention 
has a much broader range of applicability. Further details of 
the present invention can be found throughout the present 
speci?cation and more particularly beloW. 

Alignment Mark 

[0044] According to preferred embodiments, an alignment 
mark is a reference region on a component that an external 
probe can use it to monitor the accuracy of component place 
ment on a target platform. The alignment mark incorporated 
on the component can be a conduction path connecting a top 
surface area to a bottom surface area on the component as a 

direct alignment mark, or it can be a different conduction path 
connecting tWo surface areas on the bottom of the component 
as an indirect alignment mark. Although the top-doWn con 
duction path does not need to be a straight path, With a straight 
path from top to bottom or a matching top and bottom location 
on the component it is easier to visualiZe the position of the 
bottom contact point associated With the alignment mark. The 
surface area of the conduction path on the bottom can be 
either the contact point on the contact array or a different 
access point. Besides being a conduction path Within the 
component, the alignment mark can also be a simple surface 
marking on a component, depending upon the probing 
method used. The structure of an alignment mark can be a 
simple geometric structure or a set of geometric structures. 
[0045] An alignment mark on a component can be a single 
alignment mark or a set of alignment marks. Normally, one 
alignment mark is adequate. A second alignment mark is 
added to the component if the component siZe is large or may 
require an orientation adjustment to improve the placement 
accuracy. The tangential deviation from the ideal land pattern 
for far-end contacts in a large component could be signi?cant 
if there is an orientation error. For a small component, the 
impact due to a minor orientation error is insigni?cant. 
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[0046] Depending upon the probing techniques, a probe 
can be either in direct contact or not in direct contact With the 
alignment mark When it is used to monitor the component 
placement accuracy. If a resistance probe is used to monitor 
the position of an alignment mark, it requires a direct contact. 
If a capacitance probe is used to monitor the position of 
alignment mark, it does not require a direct contact. In both 
cases, the alignment mark is an electrical alignment mark 
because there is a conduction current ?oWing through the 
alignment mark, except one is a DC current and the other is an 
AC current. If an optical probe is used to monitor the re?ec 
tion from the surface of an alignment mark, then the align 
ment mark is an optical alignment mark. Thus, a re?ective, 
conductive marking on the top surface of a component can be 
used as an electrical alignment mark or as an optical align 
ment mark depending upon hoW the alignment mark is con 
structed and Which probing technique is used. 

Reference Mark 

[0047] For each alignment mark on a component, a corre 
sponding reference mark can be added to a target platform for 
component placement to refer to. The spatial relationship of 
the alignment mark to the contact array on the component 
should match the spatial relationship of the reference mark to 
the associated land pattern on the target platform. The refer 
ence mark can be part of the component contact land pattern 
on the target platform. Depending upon the probing technique 
and the application requirements, the reference mark may or 
may not need to make a direct contact With the bottom of the 
alignment mark. In a special case, if the reference mark is 
simply a surface marking on a target platform and if the 
alignment marking is also a simple surface marking, then the 
top position of the alignment marking on the component can 
be chosen in such Way that it matches the center point or one 
of the corner points of a contact array on the land pattern to 
eliminate the need for additional reference marks on the target 
platform. 

Uncertainty in Component Placement 

[0048] One useful aspect of the herein described alignment 
techniques is that the placement accuracy no longer relies on 
the component’s physical outline, nor does it rely on the grid 
accuracy of a contact array relative to the edges of a compo 
nent. For example, if the molding process causes a minor 
obliquity in the ?nished package such that the contact array 
on the package is not perfectly in parallel With the edge of the 
package (an oblique package), it is dif?cult to place the pack 
age correctly on a land pattern under conventional technol 
ogy, especially When the package siZe is large and the array 
pitch siZe is small; nor for a package With its contact-array 
shifted from the ideal grid location (an off-grid package). 
Conventional placement equipment uses the Cartesian coor 
dinates at the center of the land pattern as a reference point to 
place a component on it, based on the assumption that the 
component’s physical outline is perfect and its contact array is 
precisely located relative to the edges of the component per 
package mechanical speci?cations. 
[0049] FIG. 1A shoWs an example of an ideal package. It 
has a perfect physical outline and all package contacts are on 
prescribed grid locations. FIG. 1B shoWs an example of an 
oblique package, Where the contact array is not in parallel 
With the package physical outline and is tilted from the ideal 
grid location as vieWed from the package outline. FIG. 1C 
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shoWs a different example of an out-of-speci?cation package 
Where the contact array is not properly center-molded and 
thus bears an offset from ideal grid location as vieWed from 
the package outline. The packages in FIG. 1B and FIG. 1C are 
out of physical speci?cation and are dif?cult to use in con 
ventional surface mount assembly. The imperfections in the 
draWings are exaggerated to illustrate the concept. 
[0050] FIG. 2 shoWs an example of placing an off-grid 
component 200 on a target land pattern 208. As shoWn, the 
contact array 209 on component 200 suffers an offset 207 in 
the loWer-left direction. All contacts on component 200 Will 
have the same offset 207 from the target land pattern 208 after 
placement. This is different from the placement of an oblique 
package Where the skeW or offset at the corner contacts is 
larger than that at center. 
[0051] Adding alignment marks to a component could sig 
ni?cantly reduce the adverse impact due to the imperfection 
in the package outline and eliminate the contact position 
uncertainty caused by the deviation of a contact array from its 
ideal grid location, even if the package outline is still in spec. 
The alignment mark can be placed Within or beyond the 
component’s contact array. It is fabricated at a predetermined 
spatial relationship With respect to the component’s contact 
array, rather than at a location based on the component physi 
cal outline or the distance from the edge of package. 
[0052] The alignment mark decouples the equipment’s reli 
ance on the ideal physical outline of components. Thus, some 
physically out-of-speci?cation components that Were 
scraped in production before, such as packages With a minor 
obliquity in physical outline, packages With a contact array 
deviated from an ideal grid location, or bare dies not perfectly 
centered cut along the scribing line betWeen adjacent dies, 
could become useable for system assembly. Further detail of 
the structure and the operation of the alignment mark are 
described as folloWs. Certain methods and variations are also 
provided throughout the present speci?cation. 

Component Alignment Using a Resistance Probe 

[0053] In this embodiment, an alignment mark is an elec 
trical conduction path incorporated in a component or pack 
age at a pre-determined spatial location With respect to its 
contact array. The conduction path can be constructed from 
the top surface of a component, Where a test signal can be 
applied, to the bottom surface of the component, Where a 
matching contact or reference pad on a target platform can be 
connected underneath. The conduction path on the compo 
nent and the matching reference pad on the target platform are 
paired to monitor the accuracy of the component placement. 
If a component Were accurately placed on a target platform, 
the matching reference pad Would appear underneath the 
bottom surface of the conduction path and a conduction cur 
rent Would be detected When a voltage Were applied to the top 
surface of the component. 
[0054] FIG. 3 shoWs an example of placing a component 
300 on a target platform 310. The component 300 is an encap 
sulated package 301 With a plurality of external connections 
at contact array 309 and one or more conduction paths 302, 
3 03 as alignment marks. On the target platform, a land pattern 
308 and a set of reference pads 306, 307 are pre-fabricated. 
The reference pads 306, 307 Would be underneath the bottom 
surface of the conduction paths 302, 303 if the component 
300 Were aligned to a landpattem 308. This diagram is merely 
an example, Which should not unduly limit the scope of the 
claims herein. One of ordinary skill in the art Would recogniZe 
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many variations, modi?cations, and alternatives, such as the 
component can be a bare die With an embedded conduction 
path from top to bottom as an alignment mark, an integrated 
circuit encapsulated in a plastic package or in a ceramic 
material package With solder bumps, or a device laminated 
With a layer of an ACE membrane for external interconnects 
but Without solder bumps, or any combination of these, and 
the like. 
[0055] The conduction path in component 300 can be a 
straight pipe or any irregular shape of conduction trace 303 
running from top to bottom in the component. One or more 
conduction paths can be incorporated in the component. The 
external accessible points 304, 305 associated With the con 
ductionpaths 302, 303 canbe a simple circularpad. Otherpad 
shapes, such as square, rectangular, triangle, trapeZoid, or a 
combination of these, may be used. A resistance probe is 
placed on the external access points 304, 305 to monitor the 
status of the placement accuracy. The conduction path can be 
a metal, a doped semiconductor path, or other detectable 
entity. 
[0056] In FIG. 3, a set of reference pads 306, 307 is pre 
fabricated on the target platform 310 as a target reference to 
guide the component placement. The reference pad can be a 
simple circular pad, although other shapes, such as a square, 
a rectangular, a triangle, a trapeZoid, a set of ground dots, or 
a combination of these, may also be used. The reference pads 
306, 307 on target platform 310 are named the “reference 
marks”. For an alignment mark on a component, a correspon 
dent reference mark can be added to the target platform. The 
location of the reference mark on the target platform 310 is 
pre-fabricated in such a Way that the spatial relationship 
betWeen the reference marks 306, 307 and the land pattern 
308 on the target platform matches the spatial relationship 
betWeen the bottom contact of alignment marks 302, 303 and 
the contact array 309 on component 300. 

[0057] The siZe of a reference mark is determined by the 
variance of the placement system, Which includes such fac 
tors as the imperfections in a component’s outline or contact 
array, imperfections in a target platform, in the equipment’s 
precision, effects of mechanical aging, database rounding 
errors, etc. A system With larger cumulative placement uncer 
tainty requires a larger reference mark. The siZe of the refer 
ence mark should be large enough that at each initial compo 
nent placement the alignment mark Will be at least partially 
Within the boundary of the target reference mark. The initial 
component placement is the placement based on the coordi 
nates of the reference mark or target land pattern stored in the 
placement database. In addition, the siZe of the alignment 
mark is preferably the same as or smaller than the siZe of 
reference mark, since it can impact the accuracy of the com 
ponent placement, as Will be explained later. 
[0058] Besides a top-doWn structure, Where one test point 
associated With the conduction path is at the top surface of 
component, it is also possible to have both test points 411, 412 
on the same side as the contact array 409, as shoWn in FIG. 4. 
TWo additional traces 406, 407 are added to the target plat 
form 410 in this case to connect the test points 411, 412 
associated With the conduction path to the external accessible 
points 403, 404 on the target platform 410. The poWer and 
ground tips of a resistance probe can be applied to the tWo 
externally accessible points 403, 404 to detect if there is a 
conduction current to determine if the component has been 
correctly placed on the target land pattern 408. The conduc 
tion path With both test points located at the same side as the 
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contact array is called an indirect alignment path. Its contact 
points are the indirect alignment marks. 

[0059] If several indirect alignment paths on different com 
ponents are connected into a serial daisy chain on a target 
platform, it can be used to monitor the contact condition of all 
of the components in the chain or to check if all of the 
components are still in place When the system is in use. This 
is useful for electronic systems assembled With solderless 
components, such as components using ACE as the intercon 
nect interface, Where the indirect alignment paths for all ACE 
based components can be connected in a single alignment 
chain or in several shorter chains. A supply voltage and detec 
tors, such as LED diodes, can be connected to each chain to 
monitor the connection status of all solderless components in 
the chain. 

[0060] Incorporating alignment marks on components not 
only can detect the accuracy of a component placement on a 
target platform, but also can ?x the component position devia 
tion after placement. HoWever, it is the con?guration of a test 
probe and the handling of signals detected by that test probe 
that determine the functions of the alignment mark. While a 
single-test-point probe, namely a single-sensor probe, can 
detect the placement status and the interface contact condi 
tion, a multiple-test-point probe, namely a multiple-sensor 
probe, can detect the direction and the magnitude of a devia 
tion in the component placement, as is explained later herein. 

[0061] FIG. 5 shoWs an example of using a single-test-point 
resistance probe 520, to monitor the alignment status of a 
component 500 on a target platform 510. Assume a compo 
nent 500 containing tWo alignment marks 501 and 502 has 
aligned to a land pattern on target platform 510, Where there 
is a set of corresponding reference marks 503 and 504. A 
conduction path is formed from the supply tip 521 of the 
probe 520, through the alignment mark 501, to the reference 
mark 503 on the target platform 510. A second conduction 
path is from the alignment mark 502 to the reference mark 
504 on the target platform 510. 

[0062] To avoid the tWo reference marks 503, 504 from 
?oating at test, both should be connected to an internal plane 
507 on the target platform 510, Which is connected to a knoWn 
reference voltage or ground 508 through a surface contact 
505. A different approach is to connect the tWo reference 
marks together internally. A probe can be applied to test the 
connectivity after a component is placed. For example, if the 
supply tip 521 of probe 520 is applied to the top surface of the 
alignment mark 501 and its ground tip 515 is applied to the 
top surface of the alignment mark 502, then a closed current 
loop is formed to detect a conduction current from the probe’s 
test tip 521, through the alignment mark 501, the reference 
mark 503, the internal trace or plane 507, back to the refer 
ence mark 504, the alignment mark 502, and ?nally to the 
probe ground tip 515, if the component 500 is Well aligned on 
the target platform 510. Although tWo alignment marks are 
shoWn, one alignment mark is adequate if the orientation 
error is less likely in the component placement. 
[0063] Alternatively, if the reference pads 503, 504 are 
connected to an internal plane 507 and a reference voltage or 
ground 508 is applied to the surface contact 505, then the 
reference pads 503, 504 Will be at the reference voltage or 
ground. As the test tip 521 is applied to the top surface of any 
alignment mark on the component 500 in this case, a closed 
loop is formed from the probe, through the alignment mark, 
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the corresponding reference mark, to the system ground and 
then to the probe ground, provided that the tWo grounds are 
connected together. 
[0064] As shoWn in FIG. 5, a test probe 520 may contain a 
resistor 522, a light-emitting diode 523, a sound buZZer, or a 
current meter 524 to indicate the status of the placement. The 
resistor limits the maximum current to How through the probe 
and the alignment mark. The light-emitting diode provides a 
visible signal to indicate if it is an accurate placement. The 
sound buZZer enables users to hear. The current meter shoWs 
the amount of current through the probe. The probe can be 
built into the placement equipment for monitoring the place 
ment status. It can also be a probe for checking the component 
placement accuracy and contact condition by users manually. 
[0065] FIG. 6 illustrates the use of a 4-point probe to 
improve the accuracy of component placement. A multiple 
detection point probe is essential to ?x the component devia 
tion in placement. A 4-point resistance-probe With test points 
A, B, C, and D is used in this example. A circular reference 
mark 602 is shoWn in a large dot circle. An alignment mark 
601 also in a circular shape is shoWn in a large solid circle. To 
make the illustration simpler, assume that the siZe of the 
electrical alignment mark 601 is the same as the siZe of the 
reference mark 602, and also assume that the probe used in 
this placement has all four test points match the circumfer 
ence of the reference mark 602. If a square reference mark is 
chosen as an example, then all four test points on the probe 
should match the four corners of the square reference mark 
after the probe position is aligned With the reference mark. 
[0066] To ?x the deviation in component placement, ?rst 
the probe position needs to be aligned With respect to the 
reference mark by moving all four test-points A, B, C, and D 
on the probe onto or adjacent to the boundary of the target 
reference mark 602. Then, a component is moved in and 
placed at the coordinate of a target land pattern per the infor 
mation stored in a placement database. If there Were a devia 
tion in component placement, the alignment mark 601 on the 
component Would only partially overlap With the target ref 
erence mark 602 on the target platform. The 4-point resis 
tance probe can detect this partial overlapping. For example, 
assume the deviation is toWard the loWer, left corner and only 
the test point C at the loWer, left comer is in contact With the 
alignment mark 601. Then, only the test point C detects a 
current ?oW through the alignment mark 601 to the ground 
reference mark 602. There is no current being detected by the 
test points A, B, and D. This is because they are in a region 
outside the alignment mark 601, Which is not electrically 
conductive. Using this test result as a feedback, the placement 
equipment can thus knoW the deviation of the component 
placement. In this example, shifting of the component posi 
tion upWard and right-Ward can ?x the placement deviation, 
i.e., from the direction Where current is detected through the 
alignment mark 601 by test points to the direction Where no 
current is detected. This process continues until the alignment 
mark 601 on the component is moved to a neW position in 
contact With all of the test points. Then, the component is 
accurately positioned. 
[0067] Consider the situation Where, after the component 
placement, the alignment mark 601 is at a location such that 
tWo test points detect conduction current, say, for example, 
the tWo left test points. Then the alignment mark, and the 
component, should be shifted rightWard until it reaches a 
position such that all four test-points can detect the current 
?oW. In this case, the test probe, the reference mark and the 
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alignment mark are all aligned and the component is accu 
rately placed. The test probe and a component’s pickup 
header in the placement equipment can both be adjusted 
independently. 
[0068] Adjusting the test probe in line With the target ref 
erence mark at the beginning of each component placement is 
essential to ensure the placement accuracy. In this special 
case it can be done Without a component betWeen the probe 
and reference mark by making the probe contact the reference 
mark. The deviation from the center of the probe to the center 
of the target reference mark can be determined by monitoring 
Which test points conduct current. By shifting the probe posi 
tion toWard the direction Where no current is detected by the 
test points, the probe can be aligned With the target reference 
mark. This is a probe alignment step. 
[0069] A multiple test point probe has more capability than 
a single test point probe in monitoring the component place 
ment. While a single-test-point resistance probe can be used 
to detect the placement accuracy and the contact condition, a 
multiple-test-point probe can be used to detect and provide 
feedback on the deviation of a displaced component. 
[0070] FIG. 7 shoWs a generaliZed test probe consisting of 
an array of test-points 701. If the area detectable by the array 
of test points 701 is larger than the siZe of a reference mark 
700, then only a subset of test points in the array Will be 
activated to detect the position deviation. The subset of test 
points to be activated in each component placement can be 
determined automatically on-the-?y in a similar manner. This 
can be done by lowering the test probeiassume it is a resis 
tance probeiso that it is in contact With the reference mark 
700 and applying a voltage to all test points in the array 701 to 
see Which test points conduct current. 

[0071] If all test points conducting current Were the inner 
test points in the array, then the inner test points detecting 
current 702 could be chosen to facilitate the component posi 
tion adjustment. Those test points in the array not conducting 
current How 703 could be ignored in the current component 
placement. The subset of inner test points in the array being 
activated to facilitate the component position adjustment is 
the active test points 702. Those test points being ignored in 
the position adjustment are the inactive test points 703. 
[0072] Since the center of a multiple-test-point probe is 
knoWn from the probe structure, the probe design can be 
simpler if the set of active test points can be repositioned to 
center around the center of the multiple-test-point probe. This 
can be done by moving the probe to a neW position until all 
inner active test points are in the central region of a multiple 
test-point probe. In this neW position the center of the test 
probe is aligned With the center of the target reference mark 
and With the outer range of the active test points matching the 
boundary of the reference mark. 
[0073] If part of the test points conducting current Were at 
the edge of the multiple-test-point array, then either the siZe of 
the probe is too small or the probe position is not lined up With 
the reference mark. Assume the siZe of probe is too small, i.e., 
smaller than the siZe of the target reference mark. In this case 
there could be an uncertainty in the component position 
adjustment due to being unable to align the small probe to the 
center of the reference mark. Preferably, the range of test 
probe is compatible With or is larger than the siZe of reference 
mark. And if the probe position is not lined up With the 
reference mark, then it should be adjusted until the center of 
the active test points in the array are lined up With the center 
of the reference mark. 
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[0074] A set of asynchronous set-reset (SR) latches can be 
implemented in the electronics of a test probe, one SR latch 
for each test point on the probe. Corresponding to the subset 
of test points on the probe Which are activated to monitor the 
component placement, a subset of SR latches is set to indicate 
the positions of the active test points for each component 
placement. The entire set of SR latches is cleared at the start 
of each component placement. A latch With Write-enable can 
also be used to implement the function of a SR latch. 

[0075] FIG. 8 illustrates a method of using the set of SR 
latches for aligning a test probe to the center of a target 
reference mark. To align a multiple-test-point resistance 
probe to a reference mark, after making a contact With the 
reference mark, the SR latch is set if the corresponding test 
point conducts current and the SR latch remains reset if the 
corresponding test-point detects no current. Counters can be 
used to scan all roWs and columns on the set of SR latches to 
?nd out Which roW and Which column detect the highest 
number of ones. The interception of the highest roW and 
column is the center of reference mark. A roW counter, a 
column counter, a comparator, registers for tracking the roW 
number and the column number that have the highest number 
of ones, and a set of multiplexers to select proper inputs to 
these logic, etc., can be used to achieve such a function. This 
is merely an example, Which should not unduly limit the 
scope of the invention. By comparing the roW number and the 
column number that have the highest number of ones With the 
roW number and the column number at the center of probe, the 
displacement to align the probe to the center of reference 
mark can be determined. The probe can thus be shifted 
accordingly to align With the center of the reference mark. 
After the re-positioning of the probe, the SR latches are 
cleared to record the neW conduction status for all test points 
on the probe. The SR latches being set at this stage contain the 
information of the set of active test points aligned With the 
center of the reference mark. 

[0076] For aligning a component, another set of transparent 
latches can be added to the probe electronics to track the 
instantaneous conduction status of all test points each time 
the component changes to a neW position. The contents of 
transparent latches record the overlap status betWeen the 
alignment mark and the reference mark. Their contents Will 
be compared With the contents of the SR latches. If the con 
tents of both sets match, then the component is accurately 
aligned on the target land pattern. 
[0077] FIG. 9 shoWs an example ofusing tWo sets oflatches 
to derive the direction and displacement of a deviated com 
ponent. The ?rst digit in the binary pair is the status of the set 
of transparent latches, Which indicates the overlap status 
betWeen the alignment mark and the reference mark. The 
second digit in the binary pair is the status of the set of SR 
latches, Which indicates the position of the active test points. 
[0078] By comparing the contents of these tWo latches, or 
the value of the binary pair, the direction and the adjustment 
displacement for a misplaced component can be derived. To 
make the explanation simpler, by Way of example, assume the 
siZe of the alignment mark is the same as the siZe of the 
reference mark. A “1” in the ?rst digit indicates the area Where 
the alignment mark overlaps With the reference mark. A “1 ” in 
the second digit indicates the location of active test points. By 
referring to the “1 1” region in FIG. 9, Which is knoWn by a 
simple AND logic, there are three columns to the right side 
containing all “01”s and only tWo roWs to the up side con 
taining all “01”s inside the reference mark range. The place 
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ment equipment thus knoWs that a shifting of three positions 
to the right side and tWo positions to the up side can re 
position the component correctly. The position of test points 
containing “01” can be knoWn by a simple exclusive OR gate. 
This illustration is merely an example, Which should not 
unduly limit the scope of the invention. 
[0079] While a larger reference mark can extend the range 
of adjustment for a deviated component, a smaller alignment 
mark can still Work properly if the test probe is large enough, 
i.e., if the range of all test points on the probe is larger than the 
siZe of the reference mark. To support a smaller alignment 
mark, a third set of latches can be incorporated in the probe 
electronics to indicate the effective sub-range of active test 
points Where the small alignment mark Will be referred to as 
being in alignment. The third set of latches servers as an 
enable mask in determining the effective range of “0 1 ”s in the 
derivation of the component shift displacement. 
[0080] In FIG. 10, the third digit in a binary tuple indicates 
the sub -range inside a reference mark that matches the siZe of 
an alignment mark. A “1” in the third digit, such as the binary 
tuples “111” and “011”, indicates the location of the sub-set 
of active test points for use as the target for a smaller align 
ment mark to align to. While the entire range of active test 
points, determined by the siZe of the reference mark, is used 
to detect the presence of the alignment mark, it is the sub 
range of active test points being used as the target for the small 
alignment mark to align to.A “1 1” in the ?rst tWo digits of the 
tuple, i.e., “11.times.”, as shoWn in the example of FIG. 10, 
represents the overlapping area betWeen the alignment mark 
and the reference mark. The tuple “01 1” indicates the area 
Where the alignment mark is still not in line With the reference 
mark. There are tWo columns to the right side of “1 1 1” con 
taining “011”s and tWo roWs to the top side of “1 1 1” contain 
ing “01 1”s in the target sub-range in FIG. 10. Thus, a shifting 
of the component tWo positions upWard and tWo positions 
rightWard can still fully align the alignment mark to the ref 
erence mark, even if the alignment mark is smaller than the 
reference mark. 

[0081] The actual sub-range of active test points associated 
With a smaller alignment mark can be derived by referring to 
the diameter information of the alignment mark stored in the 
placement database or by using an image sensor associated 
With the placement equipment to measure the diameter of the 
alignment mark on-the-?y. 
[0082] FIG. 11 shoWs a graphical interpretation on the use 
of a generalized test probe to ?x the position of a deviated 
component. An alignment mark 1 101, Which re?ects the posi 
tion of a component, is smaller than a reference mark 1102 in 
this example. Before each component placement starts, the 
range of active test points on the probe should be determined 
in advance, i.e., by moving the probe on top of the reference 
mark 1102, Without a component betWeen the probe and the 
reference mark, and applying a voltage to all test points to see 
Which test points conducts current. Since the center of the test 
probe is knoWn, the set of active test points can be chosen to 
have the probe in line With the center of the reference mark 
1102 and to have the outmost active test points adjacent to the 
boundary of reference mark 1102. In FIG. 11, the inactive test 
points on the probe are shoWn as dot circles and the active test 
points are shoWn as solid circles and as a solid black dot. The 
sub -range of active test points to be used for aligning a smaller 
alignment mark to the reference mark can also be derived 
on-the-?y by using an image sensor inside the placement 
equipment to measure the diameter of the alignment mark or 
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by referring to the diameter information of the alignment 
mark stored in a placement database. 
[0083] After initial component placement, the alignment 
mark 1101 on the component is either entirely or partially 
Within the range of the active test points being de?ned by the 
reference mark 1102. Assume there is a deviation in the initial 
component placement and assume only one comer active test 
point 1105, shoWn in the solid black dot in FIG. 11, detects 
current How. The placement equipment could then use the 
subset of the active test points as a target to shift the alignment 
mark rightWard and upWard until the alignment mark matches 
the entire subset of active test points 1106, shoWn as the big, 
central dot circle in FIG. 11. Thus, the component can still be 
accurately aligned to a target land pattern even if the align 
ment mark is smaller than the reference mark. 
[0084] On the contrary, if the area of the alignment mark 
Were much larger than the area of the reference mark, the 
placement accuracy Would be degraded. This is because the 
range of active test points de?ned by a small reference mark 
is rather limited. It Would be unable to proceed With the 
component adjustment process because no adequate feed 
back Would be available to instruct the large alignment mark 
on the component to move its center to line up With a limited 
set of active test points. For resistance probing, the effect of 
using a larger alignment mark is similar to the effect of using 
a single-test-point probe, Where the area covered by a single 
test point probe is very narroW, similar to the effect of a 
smaller test probe or a smaller reference mark. Nevertheless, 
a smaller reference mark can detect much higher placement 
accuracy under a single-test-point probe, unless the siZe of the 
reference mark is too small to be detectable. 

[0085] If, after an initial placement, the component Were 
placed beyond the reference mark, then no 0 conduction 
current Would be detected by any of the active test points. This 
Would indicate that either the placement equipment Was 
improperly set up, or that the Worst-case deviation in the 
component placement Was under-estimated, causing the 
alignment mark to fall beyond the under-siZed reference 
mark. An improper system setup or operational error can thus 
be detected easily. 
[0086] To improve the durability of a test probe and to 
ensure good contact to an alignment mark and a reference 
mark, an anisotropic conductive elastomer (ACE) 1205 can 
be laminated on the surface of a generaliZed resistance probe 
1200 as the interconnect interface, shoWn in FIG. 12. In this 
?gure, each test point consists of a conduction pipe 1202 
inside the probe 1200. This ?gure is merely an example, 
Which should not unduly limit the scope of the invention. For 
example, the probe is shoWn in a circular shape, but other 
probe shapes, such as a square, a rectangular, a triangle, a 
trapeZoid, other irregular shapes, or even a ?exible cable, is 
likely. Also, although the test points are shoWn in a regular 
array in the ?gure, the test points in array can be arranged in 
any con?guration based on the requirements of an applica 
tion. 
[0087] To resolve the orientation error in a component 
placement, tWo alignment marks can be incorporated on the 
opposite sides of the component. It is more likely to encounter 
an orientation error for components With a large contact array 
or an ultra-?ne contact pitch. 

[0088] FIG. 13 shoWs an example of incorporating tWo 
alignment marks on a component to ?x the orientation error in 
component placement. Assume that the component is tilted 
counter-clockWise after initial placement and assume that the 
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siZe of an alignment mark is the same as the siZe of a reference 
mark. TWo large solid circles in the diagram represent tWo 
alignment marks 1301, 1302 on a component. An arti?cial 
solid line linking these tWo-alignment marks 1301, 1302 is 
draWn to shoW an imaginary orientation of the component 
after initial placement. TWo corresponding reference marks 
1303, 1304 on a target platform are shoWn in large dot circles, 
connected by an arti?cial dotted line to indicate the ideal 
target orientation. The acute angle intercepted by the solid 
line and the dot line is the orientation error after the initial 
placement. Assuming that there is no displacement error, the 
interception point is the center of the component 1300. TWo 
test probes may be used to monitor the placement of a com 
ponent containing tWo alignment marks, although one is 
adequate if the active test points and the center of the test 
probe can be recorded by the placement equipment for each 
probing event. 
[0089] Before placing a component, the probes must be 
aligned With the target reference marks. For a resistance 
probe, this is done by placing the probe in contact the refer 
ence mark to determine the range and the coordinates of the 
active test points With respect to the center of the reference 
mark. Then, a component is picked and placed at the target 
land pattern With the probe moved out of the Way. If there is no 
orientation error in the component placement, both alignment 
marks 1301, 1302 Will stay exactly on top of the reference 
marks 1303, 1304 and match the range of the active test 
points. If there is an orientation error, then some of the active 
test points on the probe Will be outside the range of the 
alignment mark and conduct no current. By monitoring the 
conduction status of the active test points, the direction of the 
required adjustment can be determined, i.e., by rotating the 
component or alignment mark toWard the side Where the 
active test points detect no current, provided that the compo 
nent movement assembly is capable of performing angular 
position adjustment. 
[0090] In FIG. 13, the tWo alignment marks 1301, 1302 on 
the component are in the upper right and loWer left locations. 
If a counter-clockWise orientation error occurs after compo 
nent placement, then the active test points 1305 detecting 
conduction current Will lean to the left-hand side for the upper 
probing and the active test points 1307 detecting conduction 
for the loWer probing Will lean to the right-hand side. By 
rotating the component from the side that active test points 
detect current to the side detecting no current, i.e., in the 
direction of clockWise rotation, the component orientation 
error can be ?xed. If all current sensing tests points Were to 
appear at the same side under both probing, say all on the 
left-hand side, then a displacement error had taken place and 
the component should be shifted right-toWard to ?x its dis 
placement error. 

[0091] The alignment technique can be adaptive to appli 
cation needs. For example, if the placement system has intrin 
sic skeW such that the placement error is larger in one direc 
tion than the other, then a rectangular reference mark can be 
chosen With its long side corresponding to the direction of the 
larger deviation. Preferably, the siZe of the probe is larger than 
the siZe of the reference mark in order to align the probe and 
to determine the range of the active test points on the probe 
automatically. Also preferably, the siZe of the reference mark 
is larger than or is about the same siZe as the alignment mark. 

[0092] Resistance probing that requires direct contact mea 
surements may cause contamination of solder paste around a 
target land pattern in situations When the displaced compo 










